Malnutrition is still a largely unrecognized problem in hospitals. Malnutrition in hospitalized patients is generally related to increasing morbidity and mortality, and costs and length of stay. The aim of this study was to assess the nutritional status of patients on admission to a general hospital using different nutritional scores and to test the sensitivity and specificity of these scores. Sample population included 60 patients (55% male; 45% female) selected (aged 65.6715.9 y) at random by using a computer software program. The nutritional state assessment was performed within 48 h of admission, using different nutritional indices (Subjective Global Assessment (SGA), Nutritional Risk Index (NRI), Gassull classification, Instant Nutritional Assessment (INA) and a combined index). About 78.3% of patients were found to be malnourished on admission. The frequency of malnutrition degree varied from 63.3% as assessed by the SGA to 90% with the NRI. Malnutrition severity was not related to the diagnosis. However, an elderly population was associated with a higher prevalence of malnutrition. INA was the best single score to identify patients who are malnourished or at risk of malnutrition and who may benefit from nutrition support.
Introduction
Malnutrition is still a largely unrecognized problem in Western world hospitals, as indicated by recent studies (Larsson et al, 1994; Kovacevich et al, 1997; Garriballa et al, 1998; Covinsky et al, 1999; Waitzberg et al, 2001) .
Undernutrition has been defined as a nutritional disorder status resulting from reduced nutrient intake or impaired metabolism (American Society for Parenteral and Enteral Nutrition, 1995) . The state of impending undernutrition, or increased nutritional risk, has also been included under the term of 'undernutrition' (Coats et al, 1993; Reilly et al, 1995) .
Malnutrition in hospitalized patients is generally related to decreased muscle function, respiratory function, immune function (Heymsfield et al, 1978; Arora & Rochester, 1982; Chandra, 1983; Cederholm et al, 1993) and quality of life (Larsson et al, 1994) , and impaired wound healing. These consequences lead to increased postoperative morbidity and mortality, and costs and length of stay are significantly higher (Campos & Meguid, 1992; Bernstein et al, 1993; Coats et al, 1993; Shulkin et al, 1993; Pennington, 1998; McClave et al, 1999) .
The diagnosis of malnutrition is generally based on objective measurements of nutritional status, including assessments of oral energy intake, weight loss, anthropometric data, determination of cell-mediated immunity, biochemical parameter and body composition analysis. Although these indicators are epidemiologically useful, there is no gold standard; thus, nutritional evaluation tends to be overlooked, though the presence of malnutrition is likely to affect patient outcomes (Mullen et al, 1979; Yamanaka et al, 1989; Windsor, 1993; Gibbs et al, 1999; Leardi et al, 2000) . Body weight, for example, can be inaccurate if edema, ascites or fluid balance derangements are present, resulting in falsely high Body Mass Index (weight (kg)/height (m) 2 ) measurements (Bruun et al, 1999) .
Owing to the unsatisfactory performance of a single assessment method to determine high risk in malnourished patients, attention turned to combinations of diverse measurements to increase sensitivity and specificity . The purpose of this study was to assess the nutritional status of patients on admission to a general hospital using different nutritional scores and to test the sensitivity and specificity of these scores.
Subiects and methods

Subjects
This prospective investigation was carried out during March and April 2000 at a 200-bed public general hospital in Vitoria (Spain). Patients were selected randomly using a computer software program. Those over the age of 18 were considered eligible for entry. All eligible patients who gave their informed consent entered the study. Patients who were unconscious or clinically unstable, and all those unable or unwilling to give their informed consent, were excluded. The study was approved by the Committee for Ethics and Research in Humans.
Clinical variables consisted of data related to the main admission diagnoses (as registered in the medical records), and then classified into four categories: cancer (13% of patients), gastrointestinal diseases (42% of patients), respiratory diseases (13% of patients) and miscellaneous (32% of patients). The diagnostic categories corresponded to the general type of medical condition, regardless of etiology.
During the total study period, 111 patients were admitted and 87 patients were selected randomly (according to the inclusion criteria). Six patients refused to participate. In 21 patients; nutritional status could not be assessed within 48 h after admission. The remaining 60 patients (33 men and 27 women), who had a mean (7s.d.) age of 65.62715.93 y (range: 27-86 y), were included in the study.
Assessment of nutritional state
The nutritional state assessment was performed within 48 h of admission, using different nutritional indices: Subjective Global Assessment (SGA), Nutritional Risk Index (NRI), Gassull classification and Instant Nutritional Assessment (INA).
The SGA (Baker et al, 1982; Detsky et al, 1987; Lupo et al, 1993 ) is a clinical score. It was performed by a trained physician using a standardized questionnaire concerning food intake and complaints such as recent body-weight changes, gastrointestinal symptoms, edema, ascites, dehydration, and functional capacity before admission to hospital. On the basis of these data, the physician classified the patient as not, mildly, moderately, or severely malnourished (see Appendix A). The physician had no knowledge of the patient's medical history, diagnosis, laboratory test results, or the reason for admission.
The NRI (Buzby et al, 1988) is derived from the serum albumin concentration and the ratio of actual to usual weight, with the equation NRI ¼ð1:519 Â serum albumin ðg=lÞÞ þ 41:7 Â ðpresent weight=usual weightÞ An NRI 4100 indicates that the patient is not malnourished, 97.5-100 mildly malnourished, 83.5 to o97.5 moderately malnourished, and o83.5 severely malnourished. The usual weight was defined as the stable weight X6 months before admission. The actual weight was determined with a calibrated balance (Seca electronic scale, ref. 714). Albumin was measured by spectrophotometry on a CL7200 automatic analyzer.
The Gassull classification (Gassull et al, 1984) is derived from the serum albumin concentration and the anthropometric parameters (arm-muscle circumference (AMC) and the triceps skinfold thickness). The arm circumference (AC) was measured with a tape on the arm flexed (Wander, Modard-1 model). The triceps skinfold thickness (TST) was measured three times with a Holtain skinfold caliper (Holtain Ltd, Crosswell, Crymmych, Dyfed, Great Britain), and the mean value was calculated. The AMC was calculated from the formula:
The anthropometric values were compared with percentiles of normal values for age and sex (Servicio Central de Publicaciones del Gobierno Vasco, 1994) . Anthropometric parameters were obtained by a dietitian (nutrition expert) and biochemical parameters were noted from the medical record.
On the basis of Gassull protocol, patients were classified as well nourished, Kwashiorkor with protein deficit, Marasmus with fat depletion, Marasmus with muscle depletion, Marasmus with mixed depletion, mixed malnutrition with fat depletion, mixed malnutrition with muscle depletion, and mixed malnutrition with mixed depletion.
The INA (Seltzer et al, 1979) uses serum albumin and blood lymphocyte counts for nutritional assessment. On the basis of these data, patients were classified in four degrees of nutritional state: first degree (serum albumin !3.5 g/dl; blood lymphocyte count o1500 cells/mm 3 ), second degree (serum albumin o3.5 g/dl; blood lymphocyte count o1500 cells/mm 3 ), third degree (serum albumin o3.5 g/dl; blood lymphocyte count !1500 cells/mm 3 ), and fourth degree (serum albumin o3.5 g/dl; blood lymphocyte count ol500 cells/mm 3 ). The total number of blood lymphocytes was measured with an automatic blood cell counter (STKS, VCS technology).
We also merged the results of the SGA, the NRI, the Gassull classification, and the INA, into a single combined index. We Nutritional scoresconsidered patients to be malnourished according to the combined index if they were malnourished to any degree according to at least three of the four underlying methods.
Statistics
Statistical analyses were performed with SPSS for Windows, SPSS version 8.0 (Statistical Package for Social Sciences, Chicago, IL, USA). Statistical methods used were arithmetic mean, s.d., minimum and maximum values, percent, correlation, the w 2 test and the Student's t-test. Po0.05 was considered statistically significant. k statistic was used to determine diagnostic concordance. Sensitivity, specificity, and predictive values were calculated to evaluate the different nutritional scores according to the combined index. Table 1 describes the method of analysis. The combined index was the criterion for true malnutrition. Sensitivity of a nutritional score expresses index sensitiveness to a certain factor. In this study, test sensitivity was the proportion of malnutrition cases, as diagnosed by the combined index, found by each nutritional score. A high sensitivity on a nutritional score may, however, give false positives, with more patients classified as malnourished than was actually the case.
Specificity refers to the proportion of patients identified by the combined index as not malnourished and that a nutritional score classified correctly. A high index specificity may, however, give many false negatives.
The positive predictive value is the probability that a patient classified as malnourished by a nutritional score actually is found to be so by the combined index. The negative predictive value is the probability that a patient classified as not malnourished by a nutritional score is also defined as not malnourished by the combined index.
Results
The frequency of any degree of malnutrition on hospital admission varied from 63.3% as assessed by the SGA to 90% with the NRI (Figure 1 ). The severity of malnutrition diverged among indices, with the SGA scoring most cases as mild whereas the NRI scored most cases as moderate.
On the basis of the SGA, 8.3% of the patients were classified as suffering severe malnutrition, 18.3% moderate malnutrition, and 36.7% mild malnutrition. The severity of malnutrition was not related to the diagnosis. The other methods (NRI, Gassull classification, and INA) did not show any significant differences between pathologies either (P40.05).
According to the SGA, an elderly population was associated with a higher prevalence of malnutrition (36.67% regarding the total sample), compared with those younger than 64 years (24-44 y: 11.67%; 45-64 y: 15%; Po0.05). However, the SGA did not show any significant differences between sex (male: 4.76%; female: 6.49%).
Weight loss during the previous 6 months was reported in 28.9% of patients. Cancer patients more than those with other diseases reported weight loss (Po0.05). Recent bodyweight changes show significant differences between the 25-44 y old group and the 45-65 y old group (3.8272.68 kg compared with 8.5875.48 kg, respectively).
Changes concerning food intake relative to normal were reported in 21.7% of patients (18.2% male; 25.9% female). Twenty percent of patients underwent changes in appetite (18.2% male; 22.2% female). A tendency towards more appetite changes was seen in cancer patients (Po0.05).
Gastrointestinal symptoms were reported in 56.7% of patients (57.6% male; 55.6% female). Nineteen patients (31.7%) suffered from abdominal pain, seven patients (11.7%) had been vomiting, and three patients (5%) reported suffering from anorexia, two patients (3.3%) from dysphagia and two (3.3%) from diarrhea. According to the principal The results showed that malnourished subjects suffered higher food intake changes and appetite changes and gastrointestinal symptoms compared to non-malnourished subjects (Po0.05). This study has found a higher fat depletion for patients suffering from malnutrition compared to non-malnourished patients (78.9% compared to 36.4%) (Po0.01) (Figure 2 ).
The loss of functional capacity was experienced in 36.7% of patients (30.3% male; 44.4% female). A significantly higher change in functional capacity was shown in patients with respiratory disease compared with other pathologies (Po0.01) ( Table 2) . Surgical patients presented a higher loss of functional capacity compared to non-surgical patients (Po0.05).
According to the physical examination, 56.7% of patients underwent subcutaneous fat depletion and 30% muscle depletion (Tables 3 and 4 ). Significant differences were observed between age groups; subcutaneous fat depletion (Figure 2 ). Twenty-five percent of patients presented edema, most of whom (23.3%) were classified as mild. One male patient presented moderate edema. Totally, 18.3% of patients presented ascites to different degrees: 11.7% mild ascites, 3.3% moderate ascites, and 3.3% severe ascites. Five patients (8.3%) presented dehydration (6.1% male; 11.1% female).
Of the patients 83.4% were classified as malnourished according to the Gassull protocol (Table 5) . A significantly higher score for this index was seen in the age categories !65 y (55%) compared to the other age categories (25-44 y: 11.7%; 45-64 y: 16.7%). No significant differences were seen between sexes. Most cases of malnutrition are the consequence of protein depletion (82.5%).
The mean (7s.d.) NRI value for the total sample was 89.3579.52 (64.9-111.1). Ninety percent of the patients presented risk of malnutrition to differing degrees according to the NRI: 6.7% low risk (6.1% male; 7.4% female), 60% medium risk (69.7% male; 48.1% female), and 23.3% high risk (18.2% male; 29.6% female). There was no significant difference between NRI values for the age groups.
According to the INA, 80% of patients presented risk of malnutrition: 20% were second degree (24.2% male; 14.8% female), 15% were third degree (15.2% male; 14.8% female), and 45% were fourth degree (45.5% male; 44.4% female). The prevalence was higher in patients !65 y (56.67%) and these differences were just statistically significant (Po0.05). No significant differences were shown between sexes.
According to the nutritional scores SGA, Gassull classification, and INA; more of the older patients presented risk of malnutrition (Po0.05). However, significant differences between sexes were not found. The prevalence of any degree of malnutrition was 78.33%, according to the combined index. 
Discussion
We found that !78.33% of patients were malnourished on admission (using a combined index). Furthermore, it could be recalled that the risk of subsequent complications was higher in malnourished patients (Chima et al, 1997; Gibbs et al, 1999; Nakamura et al, 1999) . The frequency of any degree of malnutrition varied from 63.3%, as assessed by the SGA, to 90% with the NRI. The severity of malnutrition diverged between indices, with the SGA scoring most cases as mild, whereas the NRI scored most cases as moderate.
The severity of malnutrition was not related to the diagnosis. However, the elderly population was associated with a higher prevalence of malnutrition, In this study, malnutrition correlated to advanced age (!65 y), as found by other authors Pareja et al, 2000; 1 (3%) F 1 (1.7%) Marasmus, muscle depletion 2 (6.1%) F 2 (3.3%) Marasmus, mixed depletion F 1 (3.7%) 1 (1.7%) Mixed malnutrition, fat depletion 1 (3%) 3 (11.1%) 4 (6.7%) Mixed malnutrition, muscle depletion 2 (6.1%) F 2 (3.3%) Mixed malnutrition, mixed depletion 1 (3%) 3 (11.1%) 4 (6.7%) Waitzberg et al, 2001) . The prevalence of malnutrition in the group of !65 y was 55%, comparable to the levels of other authors (Covinsky et al, 1999; Pareja et al, 2000) . On the basis of the SGA, 8.3% of patients were classified as suffering severe malnutrition, 18.3% with moderate malnutrition, and 36.7% with mild malnutrition. Other authors found a lower prevalence of malnutrition determined by the SGA Braunschweig, 1999; Waitzberg et al, 2001) . In prospective studies, the SGA was shown to be a good predictor of complications related to the nutritional state (Baker et al, 1982; Celaya, 1989; Enia et al, 1993; Pikul et al, 1994; Ferguson et al, 1999; Duerksen et al, 2000; Schreider & Hebuterne, 2000) .
Nutritional scores
Weight loss during the previous 6 months was reported in 28.9% of patients. Weight loss was higher in the group with cancer compared with other diseases, and these differences were statistically significant (Po0.05). Although the pathogenesis of pre-admission weight loss has not been precisely defined, the clinical disease states, loss of appetite and gastrointestinal symptoms are likely to contribute to its development (Ferguson et al, 1999) . Pre-admission weight loss is an important index with a prognostic performance worth evaluating in the nutritional assessment (Gianotti et al, 1995; .
The outcome of our study shows that involuntary weight loss and malnutrition continue to be prevalent among hospitalized patients. It could be said that weight loss and malnutrition have a great impact on the health-care system, resulting in reduced quality of life for the affected patient, compromised recovery, and added financial costs to the institution where the patient is receiving care (Himes, 1999; Collins, 2000) .
Changes concerning food intake relative to normal was reported in 21.7% of patients. A tendency toward more appetite changes was seen in cancer patients (Po0.05).
As expected, malnourished subjects suffered higher food intake changes, appetite changes, and gastrointestinal symptoms compared to non-malnourished subjects (Po0.05). Surgical patients suffered higher gastrointestinal symptoms compared to non-surgical subjects (Po0.01).
We found a higher fat depletion for patients suffering from malnutrition compared to non-malnourished patients (78.9% compared to 36.4%) (Po0.01).
Loss of functional capacity was suffered by 36.7% of patients. A significantly higher change in functional capacity was seen in patients with respiratory disease compared with other pathologies (Po0.01). Surgical patients presented a higher loss of functional capacity compared to non-surgical patients (Po0.05).
According to the physical examination, 56.7% of patients underwent subcutaneous fat depletion and 30% muscle depletion. Significant differences were observed between age groups; subcutaneous fat depletion was higher between 45 and 64 y, and muscle depletion was higher between 25 and 44 y (Po0.05).
On the basis of the Gassull protocol, the percentage of malnutrition in our sample was 83.4%. Most cases of malnutrition are the consequence of protein depletion, which might suggest that the presence of malnutrition is due to a metabolic adaptation (Carbonnel, 2000) .
In different published studies, the observed frequency of malnutrition varied from 23 to 97%, with an overall mean of 38% (Bollet & Owens, 1973; Bistrian et al, 1974 Bistrian et al, , 1976 Weinsier et al, 1979; Alastrué et al, 1983; McWhirter & Pennington, 1994) . Our overall results showed malnutrition levels comparable to those of other authors (Bistrian et al, 1976; Madden et al, 1994; Pareja et al, 2000) .
Although there are problems with the precise definition of undernutrition, and debate about the factors that increase the risk of its development, a significant proportion of hospital patients do show evidence of undernutrition on admission to hospital and continue to deteriorate nutritionally during their hospital stay. Undernutrition will continue to be both unrecognized and untreated, resulting in reduced clinical outcomes and increased hospital costs (Corish & Kennedy, 2000) .
Assessment of nutritional status is recognized as the first step in the treatment of malnutrition (Blackburn & Thornton, 1979) . This is reiterated in a recent document published as a result of a conference sponsored by the American National Institutes of Health, American Society for Parenteral and Enteral Nutrition and American Society for Clinical Nutritional scores R Pablo et al Nutrition, which states: 'The field of nutrition support is based on two closely related concepts: (1) nutrient depletion is associated with increased morbidity and mortality, and (2) if this association is causative, the prevention or correction of nutrient depletion can minimize or eliminate malnutrition-related morbidity and mortality' (Klein et al, 1997) . Currently, there is no consensus on the best method for assessment of the nutritional status of hospitalized patients. The use of clinical scores may assist in the detection of malnutrition in hospitalized patients. Clinical scores are probably more accurate than using a single nutritional parameter .
However, the number of subjects in our study precludes definitive conclusions. Our results indicate that a high proportion of hospitalized patients were malnourished on admission and that advanced age (!65 y) was a risk factor in malnutrition.
Evaluating sensitivity is essential to select a nutritional score that identifies patients who are malnourished. Assessing specificity is important in preventing well-nourished patients from being incorrectly identified as malnourished. Finding malnourished patients in need of nutrition support presumably improves the quality of hospital treatment. Nutrition support of malnourished patients is expected to lead to faster recovery, increased muscle strength, and improved lung function and exercise performance (Fuenzalida et al, 1990; Rogers et al, 1992; Ferreira et al, 2000) .
The statistical evaluation of all nutritional scores to indicate malnutrition among patients showed that the sensitivity was 100%. The INA was the best score to detect malnutrition among these patients, having a lower misclassification than other scores. INA was more specific to identify malnutrition and had higher positive predictive values than other measured indices.
Therefore, INA is a feasible alternative for identifying patients who are malnourished or at risk of malnutrition and who may benefit from nutrition support.
